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(54) Curable silicone composition and electronic components 

(57) A curable silicon composition, comprising (A) 
1 00 parts by weight of an organopoiysiloxane contain- 
ing st tt con -bonded aryi groups and at i east two ai ken yi 
groups per molecule, and having a viscosity of from 
0 01 to 1 ,000 Pa ♦ s at 25 °C. wherein the aryi groups 
comprise from 1 to 40 mole% of the total silicon-bonded 
organic groups in the organopoiysiloxane; (B) an organ- 
opoiysiloxane having a viscosity of from 0.001 to 10 
Pa * s at 25 *C and containing at least 2 silicon -bonded 
hydrogen atoms per molecule, in a quantity sufficient to 
cure the composition; (C) a platinum catalyst in a quan- 
tity sufficient to cure the composition; and (D) 0.00001 
to 100 parts by weight of an organopoiysiloxane having 
a viscosity of from 0 01 to 10.000 Pa »s at 25 *C. with 
the proviso that when the organopoiysiloxane contains 
aryl groups, the aryl groups comprise less than 1 
moie% or more than 40 mole% of the total silicon- 
bonded organic groups in the organopoiysiloxane. and 
wherein the orgiopolysiloxane cures to form a silicone 
having a complex modulus £ 1 x to 8 Pa at -65 *C and a 
cho*/ frequency of 10 Hz or a cured silicone having a 
Young s modulus <; 2.9 x 10 8 Pa at -65 *C 
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Description 

[0001 ] This invention relates to curable silicone compositions and to electronic components. More particularly, this 
invention relates to a curable silicone composition that prior to its cure exhibits an excellent degassing behavior and 
5 cures to give cured silicone that has an excellent stress-relaxing capacity at low temperatures. The invention addition- 
ally relates to highly thermal shock-resistant electronic components that use the subject curable silicone composition. 
[0002] Platinum-catalyzed addition -curing silicone compositions are used as adhestves and sealant/1 tiling agents for 
electronic components because they have the ability to cure rapidly upon heating or at room temperature with the for- 
mation of cured silicone gels or silicone rubbers that have excellent physical and electrical properties. Curable silicone 
compositions. of this type can be exemplified as follows: the curable silicone composition for coating semiconductor ele- 
ments taught in Japanese Patent Publication (Kokoku) Number Hei 4-2624 (2.624/1992) and comprising diorganovi- 
nylsilyl-endblocked dimethylsiloxane-methylphenylsiloxane copolymer, triorganosilyl-endblocked 

organohydrogenpoiysiloxane. and a platinum catalyst; the adhesive taught in Japanese Patent Application Laid Open 
(Kokai or Unexamined) Number Hei 3-157474 (157,474/1991) and comprising . organopclysi'loxane containing at least 
rs 2 silicon-bonded alkenyl groups in each molecule, organopoiysiloxane containing at least 2 silicon-bonded hydrogen 
atoms m each molecule, an organosil icon compound containing sil icon -bonded aikoxy and silicon-bonded alkenyl or sil- 
icon-bonded hydrogen, and a platinum catalyst; and the molding material for electrical equipment taught by Japanese 
Patent Application Laid Open (Kokai or Unexamined) Number Hei 7-192929 (132,929/1995) that comprises vinyl-func- 
tional polyorganosiloxane. active hydrogen-containing organohydrogensiioxane. and curing catalyst and that cures to 
20 give a gel with a Young's modulus of 10 3 to 10 5 dyne/cm 2 . 

[0003] The existing curable silicone compositions have recently proven unacle to satisfy the demands imposed by the 
miniaturization of electronic components and the desire for productivity improvements. Thus, while curable silicone 
compositions as taught in Japanese Patent Publication (Kokoku) Number Hei 4-2624 do provide cured silicone with an 
excellent stress-relaxing capacity at low temperatures, compositions of this type nevertheless have a very poor degas- 
es sing behavior and as a result cannot support the highly efficient production of electronic components, in addition, the 
entrapped bubbles prevent substantial improvements in electronic component reliability. An the case of the cured sili- 
cone gels afforded by the cure of a curable silicone composition as taught in Japanese Patent Application Laid Open 
(Kokai or Unexamined) Number Hei 7-192929, these gels exhibit an excellent stress-relaxing capacity at ambient tem- 
perature, but at low temperatures suffer, from a diminished stress-relaxing capaaty and hence are unable to provide 
30 improvements in electronic component reliability. 

[0004] The inventors achieved the present invention as a result of extensive research directed to solving the problems 
described above. 

[0005] One object of the present invention is to provide a curable silicone composition that prior to its cure exhibits an 
excellent degassing behavior and that cures to give cured silicone that has an excellent stress-relaxing capacity at low 
35, temperatures. Another object of the present invention is to provide highly thermal shock-resistant electronic compo- 
nents fH ~t .-^ si.b»ect curable silicone ccn-ccs;t:cn. 

[0006] The present invention is directed to a curable silicone composition, comprising: 

(A) 100 parts by weight of an organccciysiloxane containing silicon -bonded aryl groups and at least two alkenyl 
40 groups per molecule, and having a viscosity of from 0.01 to 1 ,000 Pa * s at 25 5 C, wherein the aryl groups comprise 

from 1 to 40 mole% of the total silicon-bonded organic groups in the organopoiysiloxane; 

(B) an organopoiysiloxane having a viscosity of from 0.001 to 10 Pa • s at 25 'C and containing at least 2 silicon- 
bonded hydrogen atoms per molecule, n a quantity sufficient to cure the ccmoosition; 

(C) a platinum catalyst in a quantity sufficient to cure the composition; and 

45 ; (D) 0.00001 to 100 parts by weight of an organopoiysiloxane having a viscosity of from 0.01 to 10.000 Pa* s at 25 
°C, with the proviso that when the organopoiysiloxane contains aryl groups, the aryl groups comprise less than 1 
moie% or more than 40 mole% of the total silicon-bonded organic groups in the organopoiysiloxane. and wherein 
the organopoiysiloxane cures to form a silicone having a complex modulus £ 1 x TO 8 Pa at - 65 *C and a shear fre- 
quency of 10 H2 or a cured silicone having a Young's modulus £ 2.9 x lO^a at -65°C. 

[0007] The present invention is also directed to an electronic component comprising a semiconductor chip, a semi- 
conductor chip attachment element bonded by an adhesive to the semiconductor chip, at least one member that elec- 
trically connects the semiconductor chip with the semiconductor chip attachment element, wherein at least a portion of 
the member is sealed or imbedded with a sealant/filling agent, and at least one of the adhesive and the sealant/filling 
55 agent is the curable silicone composition described above. 

[0008] Figure 1 contains the cross section of an IC that rs one example of an electronic component according to the 
present invention. 

[0009] The curable silicone composition according to the present invention will be explained in detail first. Component 
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(A) is an organopolysiloxane containing silicon-bonded aryi groups and having a viscosity at 25 9 C ol 0.01 to 1,000 
Pa * s. The aryi groups must comprise from 1 to 40 mole% of the total silicon-bonded organic groups in this organopo- 
lysiloxane. and each molecule of the organopolysiloxane must also contain at least 2 aikenyl groups. The viscosity of 
component (A) at 25 *C must be within the above-specified range: the cured silicone obtained at viscosities belowthe 
given lower limit has a poor mechanical strength, while the curable silicone composition obtained at viscosities above 
the given upper limit has poor handling properties. The silicon -bonded organic groups in component (A) are exemplified 
by substituted and unsubstituted monovalent hydrocarbon groups, e.g., alkyl groups such as methyl, ethyl, propyl butyl, 
and so forth; aikenyl groups such as vinyl, allyl, butenyl, pentenyl, hexenyl; and so forth; aryi groups such as phenyl, 
toiyl. xylyi. and so forth, and haiogenated alkyl groups such as 3,3,3-trifluoropropyi. and so forth. The aryi group must 
comprise from i to 40 mole% and preferably comprises from 1 to 25 mole% of the total of these organic groups. The 
molecular structure of the subject component (A) is exemplified by straight-chain, partially branched straight-chain, 
branched-chain, cyclic, and resin structures. A straight-chain molecular structure is preferred for the purpose of forming 
3 cured silicone gel or cured silicone rubber 

[0010] The organcpoiysiioxane (B) is the crossimker for the composition under consideration, it must have a viscosity 
at 25 *C from 0001 to 10 Pa * s and must contain at least 2 silicon -bonded hydrogen atoms in each molecule. The vis- 
cosity of component (B) at 25 *C must be within the above-specified range: the cured silicone obtained at viscosities 
ce low the given lower limit has a poor mechanical strength, while the curable silicone composition obtained at viscosi- 
*:es above the given ucoer limit has peer handling properties. The silicon -bonded organic groups in component (B) are 
exemptiiiea cy s^csututeo and unsucsututea- mcncvaient nycrccaroon groups, e.g.. aikyi groups such as methyl, ethyl, 
crooyi. butyf and so forth; aryi groups such as phenyl, tolyl, xylyi. and so forth; and haiogenated alkyl groups such as 
J-Lf ;» «i-0f cfct'-Cyj J*. so •Qi .. "w^crCuidr ^w'uczur.e v* ;r-t3 iuwj^ct. cgj r.pcr.ci .5 •'SAeci-piH-.tsO. cy ..iw a^r.t-o^ain,'. 
cartiaily branched straight-chain, branched-chain. cyclic, and resin structures. 

[001 1 ] Component (B) is added to the composition under consideration in a quantity sufficient to cure the composition, 
"or examcle. when the organopolysiloxane (D) lacks aikenyl, component (B) is preferably added in a quantity that pro- 
vides from 0.3 to 10 mc^es si I i con -bo nded hydrogen tn component (B) per 1 mde aikenyl in component (A), When the 
organopolysiloxane (D) does contain aikenyl, component (B) is preferably added in a quantity that provides from 0.3 to 
4 0 moles silicon-bonded hydrogen in component (B) per i mole of the total aikenyl in components (A) and (D). The 
obtained composition will exhibit a progressively unsatisfactory cure as the amount of SiH from component (8) declines 
oefowQ.3 mole per i mole aikenyl in component (A) or total aikenyl in components (A) and (D). The ultimately obtained 
cured silicone has an increasingly poor mechanicai strength as the amount of SiH from component (B) increases above 
'0 moles per 1 mole aikenyl in component (A) or total aikenyl m components (A) and (D). 

[G012] The piaunum catalyst (C) is a catalyst of the addition reaction-based cure of the instant composition. The cat- 
alyst (C| is exemplified by platinum black, platinum supported on silica mieropewder. platinum supported on activated 
carbon, platinum supported on alumina oowder. chioropiatinK: acid, alcohol solutions of chloroplatinic aad, platinum- 
olefin complexes, platinum-alkenyisiloxane complexes, and thermoplastic resin powder (particle size £ 10 fim) contain- 
ng platinum catalyst as listed in the preceding. The thermoplastic resin used for such platinum catalyst-loaded thermo- 
plastic resin powders is exemplified by polystyrene resins, nylon resins, polycarbonate resins, silicone resins, and the 
like. 

[0013] Component (C) is added to the instant cofpposrtion in a quantity sufficient to cure the composition. In specific 
terms/component (C) is preferably added in an amount that provides from 1 to 1,000 weight-ppm platinum metal in 
component (C) based on the total amount of components (A). (8), and (D). 

[0014] The organopolysiloxane (D) is added in order to improve the degassing behavior of the instant composition 
without impairing the !ow-temperature stress-relaxing capacity of the cured silicone afforded by the cure of the compo- 
sition. The viscosity of component (D) at 25 5 C shouKj be within the range from 0:01 to 10,000 Pa * s. At below the spec- 
fied lower limit one encounters' such problems as a decline n the degassing behavior of the corresponding curable 
silicone composition and a poor mechanical strength in the ultimately obtained cured silicone. At above the specified 
upper limit one encounters such problems as poor handling properties and an impaired degassing behavior in the cor- 
responding curable silicone composition. The silicon-bonded organic groups in component (D) are exemplified by sub- 
stituted and unsubstituted monovalent hydrocarbon groups, e.g.. by alkyl groups such as methyl, ethyl, propyl, butyl, . 
• and so forth; aikenyl groups such as vinyl, ally!, butenyl, pentenyl, hexenyl, and so forth; aryi groups such as phenyl, 
tolyl; xylyi. and so forth; and haiogenated alkyl groups such as 3,3.3-trrfluoropropyl. and so forth. In the case of compo- 
nent (D). the aryi group must comprise less than i mo*e% or more than 40 mole% of the total of these organic groups. 
An organopolysiloxane (D) in which aryt comprises from 1 to 40 mole% of the total silicon-bonded organic groups will 
be compatible wtth component (A), which will make it impossible to obtain improvement in the degassing behavior of 
the corresponding curable silicone composition. Aikenyl may be bonded to the silicon in component (D) and in fact at 
least 2 aikenyl groups are preferably present in each molecule based on such considerations as outmigratkxi from the 
cured silicone The molecular structure of the subject exxnportent (O) is exemplified by straight-chain, partially branched 
straight-chain, branched-chain. cyclic, and resin structures. Straight-chain and branched-chain structures are preferred 
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for the good degassing behavior they confer on the composition under consideration. 

[0015] Component (D) must be added to the composition under consideration within the range from 0 00001 to 100 
weight parts, preferably from 0.0001 to 50 weight parts, more preferably from 0 001 to 50 weight parts, and particularly 
preferably from 0.005 to 50 weight parts, in each case per 100 weight parts component (A). The curable silicone com- 
5 position will exhibit a progressive deterioration in degassing behavior as the addition of component (0) declines belcw 
the specified lower limit, while exceeding the specified upper limit leads to a progressive decline in the low-temperature 
stress-relaxing capacity of the cured silicone afforded by the cure of the corresponding curable silicone composition. 

Hp 

[001 6] An addition -reaction inhibitor may be added to the composition under consideration in order to improve its han- 
dling properties. This addition-reaction inhibitor is exemplified by alkyne alcohols such as 3-methyl-l-butyn-3-ol, 3.5- 
.10 ■ dimethyi-i -hexyn-3-ol. 3-phenyl«i-butyn-3-oi, and the like; ene-yne compounds such as 3-methyl-3-penten-1-yne, 3,5- 
dimethyl-3-hexen-l-yne. and the like; 1 ( 3,5,7-tetramethyl-1.3,5.7-tetravinylcyclotetrasiioxane; 1,3.5,7-tetramethyl- 
1.3.5,7-tetrahexenylcyclotetrasiloxane; benzotriazole; and so forth. The addition -reaction inhibitor is preferably added 
at from 10 to 50.000 weight-ppm based on the total amount of components (A) and (B). 

[0017] The instant composition may also contain other optional components such as adhesion promoters: heat sta- 
■'i5 bilizers; flame retardants; colorants; electrically conductive fillers; thermally conductive fillers; thixotropy-conferring 
additives; solvents; inorganic fillers, e.g.. turned silica, precipitated silica, crystalline silica, fumed titanium oxide, alu- 
mina, titanium oxide, glass, silicon Nitrde, silicon carbide, silicon nitride, silver, nickel, and copper; and the inorganic 
fillers afforded by treating the surface of an inorganic filler as listed above with orgaoalkoxysilane (e.g., methyltrimeth- 
oxysilane. vinyltrimethoxysilane. 3-glycidoxypropyrtrimethoxysilane, 2-(3.4-epoxycyclohexyl)ethyltrimcthoxysilane, 3- 
20 methacryloxypropyltrimethoxysilane. 3-aminopropylmethoxysilane, and N-(2-aminoethyi)-3-aminppropyltrimethoxysi- 
lane), orgiochlorosilane (e.g.. methyitrichorosilane, dimethyldichiorosiiane, and trimethylchiorosiiane). silazane (e.g., 
1.1.1 ,3,3.3-hexamethyldisilazane and 1 . 1 ,3.3,5.5-hexarnethylcyclomsilazane), or organcsiloxane oligomer {e.g.. sila- 
nol-endWocked dim ethyl si loxane oligomer, silanol-endblocked methyrvinylsiloxane oligomer, and silanol-endblocked 
methylpbenylsiloxane oligomer). „ 
25 [001 8] If an adhesion promoter is present it preferably comprises a mixture of 3-glycidoxypropyltrimethdxysiiane and 
a dimethythydroxysiloxy-endWocked methylvinylpolysiloxane having a viscosity of about 0.040 Pa • s. 
[0019] The cure of the composition comprising the components described hereinabove should give cured silicone 
with a complex modulus £ 1 x 10* Pa, preferably from 1 x TO 3 Pa to 1 x 10 2 Pa, and particularly preferably from 1 x 10 ; 
Pa to 1 x 10 2 Pa, in each case at -65 °C and a shear frequency of 10 Hz or cured silicone with a Young's modulus £ 2.9 
30 x 10 3 Pa. preferably from 2.9 x I0 a Pa to 98 Pa, and particularly preferably from 2.9 x 10* Pa to 9.8 x 10 3 Pa, in each 
case at -65 °C. Inaparticularfy preferred embodiment of the instant composition, its cure provides cured silicone with a 
complex modulus £ 1 x 10 8 Pa (-65 *C. shear frequency * 10 Hz) and a Young's modulus £ 2.9 x TO 8 Pa (-65 °C). An 
excellent low-temperature stress-relaxing capaary cannot be obtained when the curable Silicone composition forms 
cured silicone with a complex modulus exceeding the specified upper limit at -65 'C and a 10 Hz shear frequency or 
25 forms cured silicone with a Young's, modulus exceeding the specified upper limit at -65 °C. And when such a curable 
silicone composition is used as an adhesive or sealant/filling agent in electronic component fabrication, the resulting 
electronic component will have an unsatisfactory thermal shock resistance. On the other hand, while a curable silicone 
composition that forms cured silicone with a complex modulus (-55 'C. 10 Hz shear frequency) below the specified 
lower limit or cured silicone with a Young's modulus (-65 *C) below the specified lower limit does provide an excellent 
40 low-temperature stress-relaxing capacity, such a composition also has a low mechanical strength, and its use as an 
adhesive or sealant/1 il ling agent in electronic component fabrication results in a tendency for the reliability of the result- 
ing electronic component to decline. The complex modulus at -65 5 C and a shear frequency of 10 Hz and the Young's 
modulus at -65 9 C of the cured silicone under discussion can be determined by measurement using a dynamic viscoe- 
iasticity test instrument or tensile tester on strip or disk specimens. 
45 [0020] The electronic component according to the present invention win now be explained in greater detail below. The 
electronic component according to the present invention comprises electronic components in which a semiconductor 
chip is bonded by an adhesive to a chip attachment element and at least a portion of the member that electrically con- 
nects said chip with the interconnects on said chip attachment element is sealed or embedded with a sealant/filling 
agent The electronic component according to the present invention can be exemplified by integrated circuits, large- 
st? scale integrated circuits, and very large-scale integrated circuits. An example of the electronic component under con- 
,, ; sideration is displayed in Figure 1, and the electronic component according to the present invention will be explained in 
greater detail with reference to this figure. 

[0021] In the electronic component shown in Figure 1 , a semiconductor chip 1 has been face-to-face bonded to a 
semiconductor chip attachment element 2 (the "circuit substrate" in the figure) using an adhesive 3. interconnects 4 
55 have been formed on the surface of the semicorxiuctor chip attache 

these interconnects 4 and the semiconductor chip t have been electrically connected by the bumps 5. A portion or all 
of the bump 5 has been sealed or embedded with a sealant/Tilling agent 6. Leads that electrically connect to the inter- 
connects 4 have been prowled for the electronic component shown in Figure 1 in order to mount this electronic com- 
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ponent on a substrate. Although not shown in Figure 1, the semiconductor chip 1 may be sealed with a resin sealant. 
(0022] Neither the semiconductor chio nor the semiconductor chip attachment element are critical for the electronic 
comccnent according to the present invention The subject semiconductor chip attachment element can be made of, 
for example, a ceramic such as alumina, glass, and the like; an organic resin such as epoxy resin, glass fiber-remfdrced 
epoxy resin, polyimide resin, bismaieimide triazine resin, and the like; or a metal such as stainless steel, copper, and 
the like. This element can be. 'or example, a rigid arc-it substrate or chip carrier or a flexible circuit substrate or chip 
earner. The interconnects can be formed on the surface of or within the semiconductor chip attachment element by 
such means as printing, vapor deposition, gluing, lamination, plating, and the like. In addition, outer connection termi- 
nals, such as a bail grtd of solder balls or a pin grtd. and other electrical elements and electrical components may also 
be mounted or provided. Bonding wires, leads, and bumps are examples of the member that electrically connects the 
semiconductor chip with the interconnects on its semiconductor chip attachment element. In order to relax the stresses 
acting on this member when the electronic component is subjected to thermal stresses, the use is preferred for this 
member of curved, bent, or flexed bonding wires or leads, or of bumps made of material with a low Young's modulus. 
[0023] The electronic component according to the present invention is characterized in that the adhesive that bonds 
the semiconductor chip to the chip attachment element and/or the sealant/filling agent that seals or embeds the mem- 
ber that electrically connects the semiconductor chip and the interconnects on the chip attachment element is a curable 
silicone composition that affords cured Silicone with a ccmpiex modulus less than or equal to 1 x 10 8 Pa, preferably from 
v x 10 3 Pa to 1 x 10 2 Pa. and particularly preferably from 1 x 10 7 Pa to 1 x 10 2 Pa, in each case at -65 a C and a shear 
.'.'£C.u'ercy. *J : vO.-^z-, ^r.-urect-SiMcore with- a Yc urn's modulus: Jess than or .equal. to 2,9 x ,i 0^ Pa. creferably trom^Qx- 
<0 3 Pa to 38 Pa. and particularly preferaDiy from 2.3 x i Q 6 Pa to 9.8 x 10- Pa, in each case at -65 3 C. The reason for 
specifying these ranges is that a reduced resistance.to thermal shock occurs when the adhesive and/or sealant/filling 
agent used for electronic ccrrconent fabrication is a curable silicone composition that forms cured silicone with a ccm- 
piex modulus exceeding the specified ucoer -limit at -65 0 C and a shear frequency of 10 Hz or cured silicone with a 
Young's modulus exceeding the specified upper limit at -65 3 C. When an electronic component fabricated using such 
an adhesive and/or seaJant/filling agent s subjected to thermal shock, the stresses generated by expansion and con- 
traction due to differences in the thermal expansion coefficients among the semiconductor chip, its attachment element, 
and other structural members ultimately cause deformation and debonding of the member electrically connecting the 
semiconductor chip with the interconnects on its attachment element as well as warpage. deformation, and cracking of 
the semiconductor chip and hence in the reduced resistance to thermal shock. On the other hand, an excellent low-tem- 
perature stress-relaxing capacity is obtained from a curable silicone composition that forms cured silicone having a 
complex modulus (-65 'C. 10 Hz shear frequency) beicw the specified lower limit or cured silicone having a Young's 
modulus (-65 ;*C) below the specified lower limit. However, such a composition also provides a low mechanical strength 
and as a consequence tends to cause a ^ educed comocnent reliability when employed as the adhesive or sealant/filling 
agent ;n electronic comccnent fabrication. 

[0024] The process for fabricating electronic components according to the present invention is not a critical consider- 
ation. The electronic component shown in Figure 1 can be fabricated, for example, as follows. The semiconductor chip 
1 ss first attached face -to face on the semiconductor "chip attachment element 2 using an adhesive composition and this 
adhesive composition is then cured. The interconnects 4 on the semiconductor chip attachment element 2 are subse- 
quently electrically connected by the bumps 5 to the semiconductor chip 1. This connection may also be carried out 
prior to the aforementioned cure of the adhesive composition. A portion or all of the bump 5 is thereafter sealed or 
embedded with a sealant/filling agent composition and the sealant/filling agent composition is cured. The bumps 5 that 
electrically connect the semiconductor chio 1 to the interconnects 4 on the chip attachment element 2 can be sealed or 
embedded by the above-described curafcie silicone composition by for example, heating the curable silicone composi- 
tion with a hot gas current or heat rays, A frame 7 may be provided in order to prevent outflow of the sealant/filling agent 
and at the same time protect the semiconductor chip 1 from external forces. The adhesive is preferably bonded to or in 
intimate contact with the seaiant/filling agent in the electronic component according to the present invention. The seal- 
ant/filling agent is also preferably bonded to or in intimate contact with the bump 5 that electrically connects semicon- 
ductor chip 1 and the interconnects 4 on the semiconductor chip attachment element 2. 

EXAMPLES 

[0025] The curable silicone composition and electronic component according to the present invention will be 
explained below in greater detail through working examples. The viscosity values reported in the examples were meas- 
ured at 25 *C using a rotational viscometer with a single-cylinder geometry. 

Degassing behavior of the curable silicone compositions 

[0026] The curable silicone composition was first stirred at 200 rpm for 5 minutes with a Wade stirrer and was then 
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degassed at 5 mmHg for 5 minutes. The degassing behavior of the curable silicone composition during this process 
was visually inspected. 

Electronic component fabrication and degassing behavior of the curaWe silicone compositions 

[0027] A semiconductor chip 1 was aligned and affixed face down on a region on a semiconductor chip attachment 
element 2 that had been coated with adhesive 3 by screen printing and the adhesive 3 was cured by heating at 1 50 °C 
for 30 minutes. Bumps 5 electrically connected to the interconnects 4 on the semiconductor chip attachment element 2 
were connected to bonding pads on the semiconductor chip 1 . A prescribed amount of a sealant/filling agent 6 was then 
applied from a dispenser into the volume encompassed by the semiconductor chip 1. the semiconductor chip attach- 
ment element 2. the adhesive 3. and the frame 7. and vacuum impregnation was run at 10 torr in order to carry out seal- 
ing/embedding with sealant/filling agent 6 without entrapping air bubbles throughout the entire volume encompassing 
the bumps 5. The degassing behavior of the curable silicone composition used as the sealant/tilling agent was moni- 
tored during this process. The sealant/filling agent 6 was then cured by heating at .150 *C for 30 minutes. Twenty elec- 
tronic components were fabricated by the described method. 

Reliability testing of the electronic components 

[0028] The electronic components were subjected to thermal cycle testing (1,000 and 3,000 cycles, one cycle = 30 
.minutes at -65 °C and 30 minutes at + 1 50 *C). after which electrical continuity testing was run using the ends of the 
interconnects 4. The defect percentage was determined based on the number of electronic components with continuity 
defects./ ■ 

■■ Example 1 ■■■■ 

[0029] A curable silicone composition with a Viscosity of 20 Pa • s was prepared by mixing the following to homoge- 
neity: ; 

(A) 45.0 weight parts dimethyl vinylsiloxy-encblocked dimethylsiloxane-methyiphenylsiloxane copolymer with a vis- 
cosity at 2 Pa • s, a vmyi content Of 0.24 weight%, and a phenyl group content constituting 4.5 maie% of the total 
silicon-bonded organic groups; 

(B) 4.0 weight parts trimethylsiloxy-enc^ocked dimethylsjloxanemethylhydrogensiloxane copolymer with a viscos- 
ity of 0.Q05 Pa • s and a silicon -bonded hydrogen conterrt of 0 J weight%; 

(C) 0. 1 weight part 1 weighf% isciDrc^anolic chloroplatinic add solution* 

(O) 10.0 weight parts dimethytvinylsitoxy-endblocked dimethylpolysiloxane with a viscosity of 20 Pa • s and a vinyl 
content of 0.1 weight%; and 
as optional components, 

0.01 weight part addition-reaction inhibitor (3-phenyM-butyn-3-oi); 

1 .0 weight part adhesion promoter consisting of a 1 : 1 (weight ratio) mixture of 3-glycidoxypropyltrirnethoxysi- 
lane and dimethyihydroxysiloxy-endblocked methytvinylpolysiloxane with a viscosity of 0.04 Pa*s; and 40 
weight parts inorganic filler (silica micropowder with an average particle size of 1.0 urn). 

[0030] Heating this curable silicone composition at 1 50 Q C for 30 minutes gave a silicone rubber with a JIS A durom- 
eter of 40 at room temperature. This silicone rubber had a complex modulus at -65 *C and a 10 Hz shear frequency of 
2 x 10 6 Pa and a Young's modulus at -65 *C of 5.4 x 10 6 Pa. 

[0031 ] Electronic components as shown in Figure 1 were fabricated using this curable silicone composition as the 
adhesive and sealant/filling agent Table 1 reports the results from the evaluation of the degassing behavior of the cur- 
able silicone composition and the thermal shock resistance of the electronic components. 

■ Comparative Example 1 ■■^-.■y? 

[0032] A curable silicone composition with a viscosity of 20 Pa • s was prepared by mixing the following to homoge- 
neity: 

(A) 45.0 weight parts dimethylvinylsikay-endblocked dimethylpolysiloxane with a viscosity of 2 Pa • s (vinyl content 
» 0.24 weight%) instead of component (A); 

(B) 4.0 weight parts trimethylsitoxy-endb^ copolymer with a viscos- 
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ity of 0.005 Ha * s and a srficon-bonded hydrogen content of 0.7 weighf%; 

(C) 0. 1 weight part 1 weight% isopropanolic chloroplatinic acid solution; 

(D) 10,0 weight parts dimethylvinylsiioxy-endblocked dimethylpolysilQxane with a viscosity of 20 Pa *s and a vinyl 
content of 0. 1 weight%; and as optional components. 0.01 weight part addition-reaction inhibitor (3-pihenyM -bCityn- 
3-ol); 1 .0 weight part adhesion promoter consisting of a 1 : 1 (weight ratio) mixture of 3-glycidoxypropyttnmethox- 
ysilane and dimethyihydrdxysiloxy-endbiocked methylvinyipoiysiloxane with a viscosity of 0.04 Pa • s: and 40 weight 
parts inorganic filler (silica micropowder with an average particle size of 1.0 M m ) 

[0033] Heating this curable silicone composition at 150 *C for 30 minutes gave a silicone rubber with a JIS A durom- 
eter of- 40 at room temperature. This silicone rubber had a complex modulus at -65 *C and a 10 Hz shear frequency of 
1 .5 x 10 3 Pa and a Young s modulus at -65°C of 3.9 x 10 8 Pa. 

[0034] Electronic components as shown in Figure 1 were fabricated using this curable silicone composition as the 
adhesive and sealant/filling agent. Table 1 reports the results from the evaluation of the degassing behavior of the cur- 
able silicone composition and the thermal shock resistance of the electronic components. 

Example 2 

[0035] A curable silicone composition with a Viscosity of 12 Pa • s was prepared by mixing the following to homoge- 
neity: 

(A) 45.0 weight parts dimethylvinyisiloxy-endblocked dimethyisiloxane-methyiphenytsitoxane copolymer with a vis- 
cosity of 2 Pa a vinyl content of 0.24 weight%. and a phenyl group content constituting 4.5 mole% of the total 
silicon -bonded organic groups; 

(8) 4.0 weight parts trimethylsiloxy-endblocked dimethylsiioxane-methyihydrogensiloxane copolymer with a viscos- 
ity of 0.005 Pa • s and a silicon-bonded hydrogen content of 0.7 weight%; 

(C) 0.1 weight part 1 weight% isopropanolic chloroplatinic acid solution; 

(D) 10.0 weight parts branched -chain dimethylpolysiloxane endblocked by dimethyrvinylsiloxy id trimethylsiloxy and 
having a viscosity of 0.40 Pa • s and a vinyl content of 0 2 weight%; and as optional components, 0.0 T weight part 
addition- reaction inhibitc* ^ 1 (weight 
ratio) mixture of 3-glycidoxypropyltrimethoxysilane and dimethylhydroxysiloxy-endblocked methyrvinyipoiysiloxane 
with a viscosity of 0.04 Pa ♦ s; and 40 weight parts inorganic filler (silica micropowder with an average particle sire 

: of 1.0 urn). 

[0036] Heating this curable silicone composition at 150 °C *cr 30 -minutes gave a silicone rubber with a J!S A durcm- 
eter of 42 at room temperature. This silicone rubber had a complex modulus at -65 °C and a 10 Hz shear frequency of 
2.7 x 10 s Pa and a Young's modulus at -65 9 C of 6.9 x 10 6 Pa. 

[0037] Electronic components as shown in Figure 1 were fabricated using this curable silicone composition as the 
adhesive ad sealantAiiling agent. Table 1 reports the results from the evaluation of the degassing behavior of the cura- 
ble silicone composition and the thermal shock resistance of the electronic components. 

Comparative Example 2 

[0033] A curable silicone composition with a viscosity of 12 Pa* s was prepared by mixing the following to homoge- 
neiry: 

( A) 45.0 weight parts dimethylvinylsiloxy-endblocked dimethylpolysiloxane with a viscosity of 2 Pa *s (vinyl content 
» 0 24 weight%) instead of component (A); 

(B) 4 0 weight parts trimethylsiloxy-endblocked dimethylsikjxane-methythydrogensiloxane copofymer with a viscos- 
ity of 0.005 Pa • s and a silicon-bonded hydrogen content of 0.7 weight%; 

(C) 0.1 weight part 1 weight% isopropanolic chloroplatinic acid solution; 

(D) 10.0 weight parts branched-chain dimethylpolysiloxane endblocked by ctimethytvtnyisaiGxy ana tnmetnyiSiioxy 
and having a viscosity of 0.40 Pa ■■•s and a vinyl content of 0.2 weight%: and as optional components, 0.01 weight 
part addition-reaction inhibitor (3-phenyl-1-butyn-3-ol); 1.0 weight part adhesion promoter consisting of a 1 : t 
(weight ratio) mixture of 3-glycidoxypropyltrimethoxys4lane and dimethythydroxystocy-^^ 

polysiioxane with a viscosity of 0.04 Pa • s; and 

40 weight parts inorganic filler (silica micropowder with an average particle size of 1.0 jim). 




[0039] 



Heating this curable silicone composition at 150 'C for 30 minutes gave a silicone rubber with a JIS A durom- 
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eter of 42 at room temperature. This silicone rubber had a complex modulus at *65 *C and a 10 Hz shear frequency of 
3 8 x 10 8 Pa and a Young's modulus at -65 °C of 8.3 x 10 8 Pa, 

[0040] Electronic components as shown in Figure 1 were fabricated using this curable silicone composition as the 
" adhesive id sealaninfilling agent. Table 1 reports the results from the evaluation of the degassing behavior ofthe curable 
5 silicone composition and the thermal shock resistance of the electronic components. ~ 



[0041 J Electronic components as shown in Figure 1 were fabricated using the curable silicone composition prepared 
ig m Example 1 as the adhesive and using the curable silicone composition prepared in Comparative Example 1 as the 
sealaninfilling agent Table 1 reports the results from the evaluation of the thermal shock resistance of the resulting 
electronic components. 



[0042] Electronic components as shown in Figure 1 were fabricated using the curable silicone composition prepared 
in Comparative Example 1 as the adhesive and using the curable silicone composition prepared in Example 1 as the 
sealantmlling agent. Table t reports the results from the evaluation of the thermal shock resistance of the resulting elec- 
tronic components. 

Comparative Example 3 

(0043] A curable silicone composition with a viscosity of 1 7 Pa * s was prepared according to the procedure in Exam- 
ple 1, but in this case omitting the 10.0 weight parts dimethylvinylsiloxy-encbkxked dimethylpolysioxane (viscosity » 20 
25 Pa • s\ vinyl content * 0.1 weight%) used as component (D) in the curable silicone composition prepared in Example i. 
[0044] Heating this curable silicone composition at 150 °C for 30 minutes gave a silicone rubber with a JIS A durom- 
eter of 42 at room temperature. This silicone rubber had a complex modulus at -65 'C and a f 0 Hz shear frequency of 
3.8 x 10 s Pa and a Young's modulus at -65°C of 8.3 x 10 8 Pa. 

[0045] Electronic components as shown in Figure 1 were fabricated -using this curable silicone composition as the 
30 aohesive and sealant/filling agent. Table 1 reports the results from the evaluation of the degassing behavior of the cur- 
able silicone composition and the thermal shock resistance of the electronic components. 



35 [0046] Electronic components as shown in Figure 1 were fabricated using the curable silicone composition prepared 
in Example 1 as the adhesive and using the curable silicone composition prepared in Comparative Example 1 as the 
sealant/filling agent: Table 1 reports the results from the evaluation of the thermal shock resistance of the resulting elec- 
tronic components. 

J o Example 4 

[0047] Electronic components as shown in Figure 1 were fabricated using the curable silicone composition prepared 
in Comparative Example 1 as the adhesive and using the curable silicone composition prepared in Example 1 as the 
sealant/filling agent Table t reports the results from the evaluation of the thermal shock resistance of the resulting elec- 
ts tronic components. 

Comparative Example 3 

[0048] A curable silicone composition with a viscosity of 1 7 Pa • s was prepared according to the procedure in Exam- 
so pie 1. but in this case omitting the 10.0 weight parts dimethylvinylsiloxy-endblocked dimethyipolysiloxane (viscosity * 20 

Pa*s, vinyl content * 0.1 weight%) used as component (0) in the curable sftcone composition prepared in Example 1. 

[0049] Heating this curable silicone composition at 1 50 *C for 30 minutes gave a silicone rubber with a JIS A durom- 

eter of 45 at room temperature. This silicone rubber had a complex modulus at-65°C and a 10 Hz shear frequency of 

1 .5 x 10 5 Pa and a Young's modulus at -65 °C of 3.4 x 10 6 Pa. 
55 [0050] Electronic components as shown in Figure 1 were fabricated using this curabie silicone, composition as the 

adhesive and sealant/filling agent Table 1 reports the results from the evaluation of the degassing behavior of the cur* 

able silicone composition and the thermal shock resistance of the electronic components. 



Example 3 



Example 4 



Example 3 






EP 0 908 499 A1 



Example 5 



[0051] A curable silicone composition with a viscosity of 14 Pa *s was prepared by mixing the following to homoge* 



(A) 57, 7 weight parts dimethyivinylsiloxy -endblocked dimethylsiioxane-methylphenyisiloxane copolymer with a vis- 
cosity of 2 Pa • s> a vinyl content of 0.24 weight%,and a phenyl group content constituting 4.5 mole% of the total 
silicon-bonded organic groups; 

(8) 1 .3 weight parts trrmethylsiloxy-endbiocked dimethylsiloxane-methylhydrogensiloxane copolymer with a viscos- 
\- ity of 0 005 Pa • s and a Silicon -bonded hydrogen content of 0.7 weight%; 

(C) 0. r weight part 1 weight% isopropanoiic chloroplatinic acid solution; 

(D) 0 01 weight part dimethylvinylsiloxy-endblocked dimethyipolysiloxane with a viscosity of 100 Pa • s and a vinyl 
content of 0.06 weignt%; and as optional components, 0.01 weight part addition-reaction inhibitor (3-phenyM- 
butyn-3-ol); 1 0 wefght part adhesion promoter consisting of a 1 : 1 (weight ratio) mixture of 3-glycidoxypropyltri- 

?5 methoxysilane and dimethylhydroxysiloxy-endblocked methylvinylpoiysiioxane with a viscosity of 0.040 Pa • s; and 

40 weight parts inorganic filler (silica micropowder with an average particle size of 1.0 ^m). 

[0052] Heating this curabie silicone composition at 150 *C for 30 minutes gave a silicone rubber with a JIS A durom- 
eter of 22 at room temperature: This silicone rubber had a complex modulus at -65 °C and a 10 Hz shear frequency of 
20 3.0 x 10 5 Pa and a Young's modulus at -65 °C of 7.3 x 1 0 5 Pa. 

(0053] Electronic components as shown in Figure 1 were fabricated using this curable silicone composition as the 
adhesive and sealant/f tiling agent. Table 1 reports the results from the evaluation of the degassing behavior of the cur- 
able silicone composition and the thermal shock resistance of the electronic components. 
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[0054] The arable silicone composition according to the present invention is characterized by an excellent degassing 
behavior prior to cure and by the ability to cure to give cured silicone that has an excellent stress-relaxing capacity at 
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low temperatures. Electronic components according to the present invention are characterized by an excellent thermal 
shock resistance as a consequence of the use therein of the curable silicone composition according to the present 
invention. 

5 Claims 

1. A curable silicone composition, comprising: 

(A) 100 parts by weight of an organopolysdoxane containing silicon-bonded aryl groups and at least two alke- 
*o nyl groups per molecule, and having a viscosity of from 0 01 to 1.000 Pa *s at 25 *C t wherein the aryl groups 

comprise from 1 to 40 mole% of the total silicon-bonded organic groups in the organopolysiioxane; 

(B) an organopolysiioxane having a viscosrty of from 0.001 to 10 Pa • s at 25 *C and containing at least 2 sili- 
con-bonded hydrogen atoms per molecule, in a quantity sufficient to cure the composition; 

(C) a platinum catalyst in a quantity sufficient to cure the composition; and 

<s (D) 0.00001 to 100 parts by weight of an organopolysiioxane having a viscosity of from 0.01 to 10,000 Pa * s at 

25 *C. with the proviso that when the organopolysiioxane contains aryl groups, the aryl groups comprise less 
than 1 moie% or more than 40 mole% of the total silicon-bonded organic groups in the organopolysiioxane, 
and wherein the organopolysiioxane cures to form a Silicone having a complex modulus £ 1 x TO 8 Pa at - 65 *C 
and a shear frequency of 10 Hz or a cured silicone having a Young's modulus £ 2.9 x 10 8 Pa at -65 °C. 

20 — V V 

2. The composition according to claim 1. wherein the aryl groups in component (A) comprise from 1 to 25 mole% of 
the total silicon -bonded organic groups in the organopolysiioxane. 

3. The composition according to claim 1 , wherein component (A) has a straight-chain molecular structure. 

25 

4. The composition according to claim 1 , wherein the quantity of component (8) is sufficient to provide from 0.3 to 1 0 
moles of silicon-bonded hydrogen atoms per 1 mole of total alkenyl groups in components (A) and (D). 

5. The composition according to claim 1 , wherein component (D) contains at least 2 alkenyl groups per molecule. 

6. The composition according to claim 1, wherein component (D) has a molecular structure selected from the group 
consisting of straight-chain and branch ed-chajn. 

7. The composition according to claim 1 , wherein the amount of component (D) is from 0.0001 to 50 parts by weight 
35 per 100 parts by weight of component (A). 

3. The composition according to claim 1 , further comprising an addition-reaction inhibitor. 

9. The composition according to claim 1, further comprising an adhesion promoter. 

*o 

10. The composition according to daim 9. wherein the adhesion promoter comprises a mixture of 3-glycidoxypropyltri- 
methoxysjlane and a dimethyl hydroxy siloxy-endblocked methyrvinylpolysiioxane having a viscosity of about 0.040 

■ p ^*s.- 

45 1 1 . The composition according to claim 1 , further comprising an inorganic filler. 

1 2. The composition according to claim 1 1 , wherein the organic filler is a silica. 

1 3. An electronic component, comprising: a semiconductor chip, a semiconductor chip attachment element bonded by 
so an adhesive to the semiconductor chip, at least one member that electrically connects the semiconductor chip with 

the semiconductor chip attachment element, wherein at least a portion of the member is sealed or imbedded with 
a sealant/tilling agent, and at least one of the adhesive and the seaiant/filiing agent is the curable silicone compo- 
sition of claim 1 . 

55 14. The electronic component according to claim 1 3. wherein the component is an integrated circuit, a large-scale inte- 
grated circuit or a very large-scale integrated circuit. 

15- The electronic component according to claim 13, wherein the semiconductor chip attachment element is a ceramic. 
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an organic resin, or a metal. 

16. The electronic component according to claim 13. wherein the member that electrically connects the semiconductor 
chip with the semiconductor chip attachment element »s a bonding wire, a lead, or a bump. 



5 



40 



45 



50 



1 7. The electronic component according to claim 1 6. wherein the bonding wire and lead are curved, bent, or flexed and 
wherein the bump is made of a material having a low Young s modulus. 

18. The electronic component according to claim 13, wherein both the adhesive and the sealant/filling agent are the 
curable silicone composition of claim 1 , 



19. A process for fabricating an electronic component, comprising: 

(i) attaching a semiconductor chip to a semiconductor chip attachment element with an adhesive composition; 
is (ii) curing the adhesive composition; 

(iii) electrically connecting the semiconductor chip by a member with the semiconductor chip attachment ele- 
ment; 

(iv) sealing at least a portion of the member that electrically connects the semiconductor chip with the semi- 
conductor chip attachment element with a sealant/filling agent; and 

20 (v) curing the seaiant/fiiiing agent; wherein at ieast one of the adhesive and the sealant/filling agent is the cur- 

able silicone composition of claim 1 . 

20. The process according to daim 19, wherein step (iii) is performed before step (ii). 

25 21. The process according to claim 19. wherein both the adhesive and the* sealing/filling agent are the curable silicone 
composition of claim 1. 

22. The process according to claim 1 9. wherein the member that electrically connects the semiconductor chip with the 
semiconductor chip attachment element is sealed by heating the curable silicone composition. 

30 

23. The process according to claim 1 9. wherein the adhesive is bonded to or in intimate contact with the sealant/filling 
agent in the electronic component. 

24. The process according to daim 19, wherein the sealant/filling agent is bonded to or in intimate contact with the 

35 member that ejectricaiiy connects the semiconductor chip with the semiconductor chip attachment element; 
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Figure I 
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